Objective To determine the frequency of different outcomes in women participating in cervical screening. Design Analysis of screening records from 348 419 women, and modelling of cases of cervical cancer and deaths with and without screening. Setting Cervical screening programme in Bristol. Results For every 10 000 women screened from 1976 to 1996, 1564 had abnormal cytology, 818 were investigated, and 543 had abnormal histology. One hundred and seventy six had persistent abnormality for two years or more. In the absence of screening 80 women would be expected to develop cancer of the cervix by 2011, of whom 25 would die. With screening 10 of these deaths would be avoided. Comparison of cumulative abnormality rates with numbers expected to develop cancer in the absence of screening suggests that at least 80% of high grade dyskaryosis and of high grade dysplasia would not progress to cancer. The lifetime risk of having abnormal cytology detected could be as high as 40% for women born since 1960. Conclusions Screening is labour and resource intensive. It involves treatment for many women not destined to develop invasive cancer. The increased intervention rate for cervical abnormality in England is due to change in practice, not a cohort effect, and is probably the reason for the marked fall in incidence and mortality during the 1990s. For other cancers there is scope for major iatrogenic harm from screening because of invasive tests and treatments.
Introduction
Cervical screening inevitably detects abnormalities that will never progress to life threatening disease. 1 This creates alarm for healthy women and dilemmas for clinicians advising them. By the late 1990s the cervical screening programme was responsible for averting an estimated 800 deaths annually in women under 55 years in England 2 or 1300 deaths in all women in England and Wales. 3 Recognition that benefit for some comes at the price of harm for others has prompted considerable debate about the information women need for understanding what screening offers. [4] [5] [6] [7] National guidance confirms that the purpose of information about screening is to ensure that participants can make a fully informed choice. 8 9 Nevertheless, public belief and the perceptions of journalists, politicians, lawyers, and many health professionals still reflect 30 years of simplistic messages used to encourage attendance for screening. 4 10-12 Accurate information about the consequences of screening is needed to assist participating individuals and to inform policy on preventive strategies nationally and internationally. Such data have not previously been published for cervical screening. We used records from a cytology database and cancer registration and mortality data to derive information about outcomes.
Methods
Cervical screening in the Bristol area (corresponding now to four primary care trusts) began in 1966. In April 1996, 244 535 women aged 20 to 64 years were registered with Bristol and District general practitioners. During the period covered by this analysis, all contemporary national guidance was complied with and reporting ranges for abnormal results were within national recommended ranges. Women were invited for testing every five years from the age of 24.
The Avon cytology database holds records for all women with smears processed by the two screening laboratories and by private laboratories in Bristol from 1976. Careful record matching has ensured there are no duplicate or fragmented records on the database. Up to 31 March 1996 the database contained test results for 351 331 women. We excluded data on 498 women with unknown date of birth and on 2414 born before 1911 because they were older than the recommended age for screening in 1976. This left 348 419 records for inclusion in the study.
Cumulative incidence analysis
We performed analyses separately for each five year birth cohort. Combination of these results gives an "average" experience across all ages and cohorts during the 20 years of calendar time; those for a single cohort give more specific information, but for less than half of the screening age span.
Large numbers of women leave and join any cervical screening database because of age, change of address, change of general practitioner, and decisions about whether or not to be screened. We analysed incidence rates during the 20 years by looking at five year periods and for each period used the total number of women having tests during that five years as the denominator. We used the full past record for each woman, up to the end of the five years in question, to determine the first and worst occurrences of abnormal smear test and biopsy results. A new occurrence of abnormality was defined as the first occurrence of the worst grade in a woman's record, taking her entire record from April 1976 up to the end of the five year period under analysis. Table 1 shows the descending hierarchy for classifying worst. The cytology categories correspond to the national cervical smear report form (HMR101). Borderline change has been used as a result category by the Bristol laboratories since 1981. Mild dyskaryosis has been coded separately from moderate since June 1990 and subsequent data show that 39% of women in the combined "mild and moderate" category had had at least one test result recorded as moderate dyskaryosis. Adenocarcinoma of the cervix was lower in the hierarchy than cervical intraepithelial neoplasia because the programme primarily detects squamous abnormalities.
To ascertain the frequency of persisting abnormality detected at screening we analysed the length of time between first and last abnormal result for every woman for the full 20 years. The total number with results in the 20 years was the denominator for expressing these data as rates.
Modelling of expected cases and deaths

Numbers of cases and deaths if screening had not taken place
We estimated the numbers of cases and of deaths from cancer of the cervix that would have occurred in the absence of screening in the study population up to 1996 and projected the estimate for a further 15 years to 2011. To do this we applied adjusted age specific incidence and death rates for England and Wales to the cumulative numbers tested within each birth cohort and each five year period. The adjusted rates assumed that without screening incidence and mortality would have followed the age specific pattern exhibited by the pre-1930s birth cohorts in England and Wales (in whom there is no evidence of a screening effect) and that the absolute risk would have risen in cohorts of women born since 1950. Evidence for this increase in risk in cohorts after the 1950s comes from national cancer registration and mortality data, 13 serological prevalence data relating to high risk exposure to human papilloma virus, 14 and age specific first detection rates for severe dyskaryosis. 1 We carried the projections forward to 2011 because abnormality detected at screening theoretically predates invasive cancer by up to 15 years. The cumulative total tested in each cohort was used for the forward projections and as the denominator for converting numbers to rates. By assuming that the recent downturn in deaths is entirely a screening effect, and that lifetime risk is higher in women born since 1950, we ensured that we did not underestimate the benefit of screening. We then compared these estimates with the incidence of abnormality detected at screening.
Numbers of cases and deaths with screening
We estimated the numbers of cases and deaths with screening in the study population by applying unadjusted incidence and mortality for England and Wales by age and by birth cohort to the cumulative numbers tested within each birth cohort and each five year period. Because all cohorts nationally are now well screened there are few data on which to model incidence predictions beyond 1996. 13 For our study population we predicted deaths with screening by assuming that after 1996, 60% of the modelled deaths without screening are averted. This is based on the finding that in 1997 over 60% of deaths from cervical cancer in women under 55 seemed to be prevented by screening. 3 It is highly unlikely that detection and treatment of cervical abnormalities during 1976-96 in our study population could have yielded greater benefit than this estimate.
Results
The numbers of women tested rose markedly during the first three five year periods from 109 000 to 232 000 and fell by around 7% to 215 000 in the fourth period, although population uptake was maintained at 87%.
Cumulative incidence
Among the 214 582 women with an adequate test during 1991-6, 33 552 (15.6%) had abnormal cytology, 17 558 (8.2%) had a record of biopsy, and 11 656 (5.4%) had abnormal histology detected at any time during the 20 years of the study (table 1) . In addition, 26 818 women (7.7% of the total) had no abnormal results but required an early repeat test because one or more smears were inadequate for examination.
The most comprehensive data were those for women born 1956-60. Among these women 4914 (17.6%) had abnormal cytology, 2733 (9.8%) had a record of biopsy, and 2063 (7.4%) had abnormal histology (table 1) at any time during the 20 years of the study. Persistent or recurrent abnormality over a period of more than two years occurred in 6130 women (1.8% of all tested), and 1845 (0.5%) had abnormal results for over five years. There was a steep increase in detection rates over time (fig 1) . The corresponding difference in rates of severe dyskaryosis alone was more than fourfold. By 1996 the modelling predicts that 192 fewer cases and 27 fewer deaths would have occurred in the study population as a result of screening, assuming that reductions seen nationally in incidence and mortality apply equally in Bristol (table 2). Table 2 also shows cumulative numbers of deaths from cervical cancer in the study population if 60% of deaths after 1996 are averted because of screening. An estimated 357 deaths will have been prevented by 2011.
Modelling of expected cases and deaths
The modelling predicts that without screening and for all women in the study population 2774 (7.96 per 1000) would have developed invasive cervical cancer by 2011, 878 (2.52 per 1000) of whom would have died from it (
Combined consequences, benefits, and harms
For each 10 000 women screened from 1976 to 1996, 1564 had abnormal cytology, with 554 of these being high grade (moderate dyskaryosis or worse and query glandular neoplasia); 769 underwent repeat testing because of inadequate smears but with no abnormality; 818 underwent biopsy (385 had high grade abnormality or worse (invasive or microinvasive squamous carcinoma, cervical intraepithelial neoplasia grade II, cervical intraepithelial neoplasia grade III, adenocarcinoma), 158 had low grade abnormality); and 176 had persistent abnormal results over more than two years ( fig 2) . Without screening an estimated 80 women would have developed cervical cancer by 2011 of whom 25 would die. According to the modelling, screening of 10 000 women during this 20 years and a further 15 years beyond would prevent 10 of the 25 deaths.
From these data 13 000 (348 419/27) women needed to be screened over 20 years to prevent one death up to 1996, which would represent around 57 000 tests ((13 000 × 4) plus 10% for repeats). For each death prevented 1955 women had abnormal cytology (1564/0.8), of whom 1023 had biopsy. Incorporating future estimates of 60% mortality reduction from 1996 gives 1000 (348 419/357) as the number of women needing to be screened for 35 years to prevent one death, involving some 7700 tests ((1000 × 7) plus 10% for repeats). The ratio of abnormal results to deaths prevented cannot be determined because the cumulative incidence up to 2011 is not yet known. 
Progression rates
By 2011, we estimate that without screening 80 per 10 000 women would have developed invasive cancer. The rate of progression to cancer for high grade cytological abnormality (detected in 554 per 10 000) cannot therefore be greater than 14.4% (80/554 × 100) as some cancers will arise in women whose worst ever recorded result was mild, borderline, or negative. For histological abnormality, 22 per 10 000 had invasive or microinvasive squamous cancer on biopsy and two had adenocarcinoma, which leaves 56 of the estimated 80 cancers per thousand to arise from 228 cases of cervical intraepithelial neoplasia grade III and 133 cases of cervical intraepithelial neoplasia grade II (see table 1 ). The progression rate for grade II and III combined can therefore be no greater than 15.4% (56/ 361 × 100).
Discussion
If we assume that mortality from cervical cancer has decreased by 60% since 1996, then 1000 women have had to be screened for 35 years to prevent one death. Put in context, a nurse performing 200 tests each year-the workload for two general practitioners' lists-would prevent a death once in 38 years (7700/200). During this time she or he would care for over 152 women with abnormal results (1564/10.3), over 79 women would be referred for investigation, over 53 would have abnormal biopsy results, and over 17 would have persisting abnormalities for more than two years. At least one woman during the 38 years would die from cervical cancer despite being screened. Many attempts have been made to estimate regression, persistence, and progression rates for different grades of abnormality. [15] [16] [17] [18] Our comparison of the expected number of cancers by 2011 with the number detected up to 1996 suggests that at least 80% of women with high grade lesions will not develop invasive cancer. Lower ascertainment of cervical intraepithelial neoplasia may explain the higher progression rates estimated in previous studies.
Since 1987 deaths from cervical cancer in Bristol have fallen in line with national figures (Office for National Statistics, VS3). Hence high coverage and good quality control in the 1970s and 1980s did not result in a significant change in death rates in Bristol before the national changes to the screening programme. This suggests that the reduction in mortality resulted from widening definitions for categorising abnormality 19 and the consequent increase in numbers treated. Cytological screening may be so non-specific that it is possible to prevent fatal cancers only by treating large numbers of women.
Our results are likely to apply to other comprehensive and quality assured cervical screening programmes. When screening is more frequent than five yearly there may be more women with abnormal results for each death prevented. In populations with a higher incidence of cervical cancer one would expect fewer women to be labelled and treated for each death prevented.
Implications
These findings have important implications. First is the scale of the problem of overdetection. Even women who receive results of borderline changes can become anxious about their risk of cancer. 20 Figure 1 shows that for younger cohorts the cumulative lifetime incidence for any abnormality could reach 30-40%. It is essential therefore that we change people's perception of the meaning of an abnormal screening result.
Secondly, because of the resources involved and the potential to do harm, it is in the public's interest to
What is already known on this topic
Since the mid-1980s incidence of and mortality from cervical cancer in women born since the 1930s in England and Wales has fallen; screening is the most likely explanation For each death prevented many women have to be screened and many are treated who would not have developed a problem
What this study adds
In the NHS cervical screening programme around 1000 women need to be screened for 35 years to prevent one death Over 80% of women with high grade cervical intraepithelial neoplasia will not develop invasive cancer, but all need to be treated control the introduction of inadequately evaluated or of inadequately quality assured cancer screening. Our results show that cervical screening in England and Wales before 1996 entailed 57 000 tests and 1955 abnormal results for each death prevented. Prostate specific antigen testing for early detection of prostate cancer will involve similarly large numbers of tests and abnormal results and the net result will be major iatrogenic harm from invasive investigations and treatments. We have a duty to protect the public from this damaging activity until there is good evidence on all outcomes. Finally, our results suggest that over 80% of high grade dyskaryosis and of high grade dysplasia in the cervix does not progress to invasive cancer. This calls into question the prophylactic removal of other organs (colon, ovaries, breast, oesophagus) and the offer of potentially harmful chemotherapy and radiotherapy treatments for healthy people found to have dysplasia of those organs. The net result could be harm because the absolute risk of progression in these tissues may be low.
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